Introduction
============

The survival rate of patients with pancreatic ductal adenocarcinoma (PDAC) is worse than that of patients with other gastrointestinal malignancies. The principal reasons for this poor prognosis include difficulties in diagnosing PDAC at a localized resectable stage and the propensity of the tumor for early metastasis to the regional lymph nodes and liver. The presence or absence of lymph node metastasis is one of the key prognostic factors for patients with PDAC. Therefore, an assessment of the status of the regional lymph nodes is required to affect the survival outcomes and therapeutic methods of choice ([@b1-ol-05-05-1572],[@b2-ol-05-05-1572]).

However, the mechanisms by which tumor cells detach from the primary tumor, invade lymphatic vessels and metastasize to regional lymph nodes are complex. Previous data has suggested that chemokine receptors may direct the lymphatic spread and additionally affect the sites of the metastatic growth of various tumors ([@b3-ol-05-05-1572]). Originally, chemokines and their G protein-coupled receptors were reported to mediate various pro- and anti-inflammatory responses. CCR7, the receptor for the chemokine CCL21, is expressed on naive T cells, memory T cells, B cells and mature dendritic cells, and is considered to be important in lymphocyte cell trafficking and homing to the lymph nodes ([@b4-ol-05-05-1572],[@b5-ol-05-05-1572]). The chemokine receptor CXCR4 was initially described as being able to regulate the homing of lymphocytes in inflammatory tissues ([@b6-ol-05-05-1572]). The natural ligand of CXCR4, stromal cell-derived factor 1a (SDF-1a), is highly expressed in tissues of metastatic growth, including those of the lung, liver and lymph nodes, and also attracts lymphocytes to these organs ([@b7-ol-05-05-1572]). Vascular endothelial growth factor (VEGF)-C, a member of the VEGF family, has been reported to be a lymphatic-specific growth factor ([@b8-ol-05-05-1572],[@b9-ol-05-05-1572]). VEGF-C is the first ligand to be identified for VEGFR-3 ([@b8-ol-05-05-1572]). Since the expression of VEGFR-3 is predominantly restricted to the lymphatic endothelium in adults ([@b10-ol-05-05-1572]), the major function of VEGF-C appears to be the regulation of lymphatic vessel growth.

These two chemokine receptors, along with VEGF-C, have been brought into focus with regard to their role in the spreading of tumors. CCR7 expression has been shown to be positively correlated with lymphatic metastasis and a poor prognosis in squamous cell, oral and oropharyngeal squamous cell carcinoma and breast, colorectal, esophageal and prostate cancers ([@b11-ol-05-05-1572]--[@b15-ol-05-05-1572]). High CXCR4 expression has been associated with lymph node metastases in breast cancer and oral squamous cell carcinoma ([@b16-ol-05-05-1572],[@b17-ol-05-05-1572]). The levels of VEGF-C in primary tumors have been significantly correlated with lymph node metastasis in a variety of cancer types, including oral squamous cell cancer, squamous cell carcinomas of the head and neck, non-small cell lung carcinoma, cervical cancer and colorectal cancer ([@b18-ol-05-05-1572]--[@b22-ol-05-05-1572]). Gastric cancer, which exhibited a co-expression of CCR7 and CXCR4, was revealed to be more likely to include lymph node metastasis ([@b23-ol-05-05-1572]). High VEGF-C and CXCR4 expression levels in hepatocellular carcinoma have also been associated with lymph node metastasis ([@b24-ol-05-05-1572]). It is possible that CCR7, CXCR4 and VEGF-C interact with each other in the process of the metastatic spread of tumor cells to distant regional lymph nodes.

However, no data are currently available with regard to the co-expression of CCR7, CXCR4 and VEGF-C in PDAC and their association with each other. Therefore, the present study evaluated the mRNA and protein expression levels of CCR7, CXCR4 and VEGF-C in PDAC and correlated the results with the patients' clinicopathological parameters.

Materials and methods
=====================

Patients and tissue specimens
-----------------------------

Tumor tissue was collected for RNA extraction from 24 patients with PDAC who underwent curative surgery between 2006 and 2008, and for immunohistochemistry from 65 patients with PDAC who underwent curative surgery between 2004 and 2008 at the Department of Surgery, Zhongshan Affiliated Hospital of Fudan University (Shanghai, China). Written informed consent was obtained from each individual. The study was approved by the biomedical research Ethics Committee of Affiliated Zhongshan Hospital of Fudan University (Shanghai, China). Patients were excluded if they had received neoadjuvant chemotherapy or radiotherapy. The freshly removed PDAC tissues for RNA extraction were immediately frozen in liquid nitrogen and stored at −80°C until further use. The baseline characteristics of these patients are shown in [Table I](#t1-ol-05-05-1572){ref-type="table"}. The tissue samples that were to be used for immunohistochemistry and HE staining were fixed in formalin and then embedded in paraffin. The baseline characteristics of these patients are shown in [Table II](#t2-ol-05-05-1572){ref-type="table"}.

Real-time reverse transcription (RT)-PCR analysis
-------------------------------------------------

Real-time RT-PCR tumor tissue blocks of ∼1×1×1 cm, wrapped in silver paper, were rapidly frozen in liquid nitrogen for ∼1 min, then stored in a −80°C refrigerator until the target mRNA was detected. Total RNA was purified from fresh soft tissues using TRIzol according to the manufacturer's instructions. The purity of the RNA was measured and determined with a UV spectrophotometer and the OD 260/280 value was 1.8--2.1. To normalize the expressed cytokine mRNA, the internal housekeeping β-actin gene was used. The gene transcription of CCR7, CXCR4, VEGF-C and β-actin was analyzed by two-step RT-PCR. Reverse transcription was performed with 500 ng RNA (10 *μ*l total volume; SYBR^®^ PrimeScript™ RT-PCR kit, Takara Biotechnology Co. Ltd., Dalian, China) according to the manufacturer's instructions. The first-standard cDNA solution was used as a template for the specific PCR reactions. The primers used were as follows: CCR7 sense, 5′-CTCCAGGCACGCAACTTTGA-3′ and antisense, 5′-CACAGGTGCTACTGGTGATGTTGA-3′ (145-bp fragment); CXCR4 sense, 5′-GCCAACGTCAGTGAGGCAGA-3′ and antisense, 5′-GCCAACCATGATGTGCTGAAAC-3′ (99-bp fragment); VEGF-C sense, 5′-CAGCACGAGCTACCTCAGCAAG-3′ and antisense, 5′-TTTAGACATGCATCGGCAGGAA-3′ (115-bp fragment); and β-actin sense, 5′-TGAGATGCGTTGTTACAGGA-3′ and antisense, 5′-ACGAAAGCAATGCTATCACC-3′ (119-bp fragment). The cycling conditions of the PCRs were as follows: An initial denaturation for 10 sec at 95°C, followed by 40 cycles of denaturation for 5 sec at 95°C and annealing for 30 sec at 60°C. Following the last cycle, a final extension of 10 sec at 60°C was completed and thereafter the samples were maintained at 4°C. The products (15 *μ*l) were run on a 2.5% agarose gel, stained with ethidium bromide and analyzed under UV light.

Quantitative real-time RT-PCR was performed with an IQ5TM Sequence Detection System (Bio-Rad, Hercules, CA, USA), according to the manufacturer's instructions. The reaction mixture was composed of SYBR Green Mastermix, 12.5 *μ*l of each primer and cDNA with a total volume of 25 *μ*l. For each gene, a standard curve was used to calculate the gene expression levels, thus correcting for the different primer efficiencies. To calculate the data, the comparative C~t~ method (^2−ΔΔCt^ method) was used for the relative quantification, which described the change in the expression of the target gene in a test sample and provided accurate comparisons with the initial levels of the template in each sample. The data were analyzed with SPSS software version 17.0.

Immunohistochemistry and staining evaluation
--------------------------------------------

Immunohistochemical studies were performed for comparison with the results from the mRNA expression analysis obtained by real-time RT-PCR. The paraffin-embedded tissue sections (3--5-*μ*m thick) were subjected to immunostaining for CCR7, CXCR4 (EliVision™ plus kit; Maixin Bio, Fuzhou, China) and VEGF-C (EliVision™ plus kit; ZSGB Bio Systems, Beijing, China). The sections were mounted on positively charged slides, incubated for 45 min at 60°C and deparaffinized. Antigen retrieval was performed with a microwave to boil the tissue sections in 10 mM sodium citrate buffer (pH 6.0) for 20 min. Subsequent to the endogenous peroxidase activity being blocked with a 3% aqueous H~2~O~2~ solution for 10 min, the tissue was incubated with the primary antibodies for CCR7 (ab32527, rabbit monoclonal IgG; Abcam Cambridge Chemical Co., Cambridge, MA, USA) at a 1:200 dilution, for CXCR4 (ab2074, rabbit polyclonal IgG Abcam Cambridge Chemical Co.) and VEGF-C (AF752, goat polyclonal IgG; R&D Systems, Minneapolis, MN, USA) at 1:100 dilution respectively, for 1 h. The tissue slides were then incubated with a reinforcing agent for 20 min. The slides were rinsed with washing buffer and color was developed with a DAB detection kit (Maixin Bio, Fuzhou, China) following incubation with the anti-rabbit antibodies for CCR7 and CXCR4 and the anti-goat antibodies for VEGF-C. For the negative controls, PBS buffer was substituted for the primary antibody. The intensity, staining percentage and pattern of staining were assessed.

The immunostaining was evaluated in a manner that was blinded to the patient outcome and all clinicopathological findings. Quantification of the immunostaining was performed by digital image analysis with the Image-Pro Plus 6.0 software (Media Cybernetics, Inc., Silver Spring, MD, USA). This method uses areas of specific staining from the various images to determine the positivity discrimination plane, minimizing the possible visual variation in the detection of immunostained areas over time when an interactive discrimination plane is used. To count the total area, the discrimination plane was set at 0--30 in the H channel and 0--255 in the S and I channels.

Identical settings were used for each field. A total of five fields selected from hot-spot areas (400X objective lens) were acquired per slide. The integrated optical density (IOD) of all the positive staining in each field and area of interest (AOI) was measured. The IOD was used to evaluate the area and intensity of the positive staining. The mean density (IOD/AOI) represented the concentration of specific protein per unit area ([Fig. 1A--C](#f1-ol-05-05-1572){ref-type="fig"}).

Statistical analysis
--------------------

SPSS 17.0 software (SPSS, Inc., Chicago, IL, USA) was used for the statistical analysis. Categorical variables were evaluated by the Wilcoxon rank-sum and Pearson's correlation tests. P\<0.05 was considered to indicate statistically significant differences.

Results
=======

Expression of CCR7, CXCR4 and VEGF-C mRNA and clinicopathological factors
-------------------------------------------------------------------------

A total of 24 PDAC specimens and 24 adjacent normal tissues were examined for the expression of CCR7, CXCR4 and VEGF-C mRNA ([Fig. 2](#f2-ol-05-05-1572){ref-type="fig"}). The expression levels of CCR7, CXCR4 and VEGF-C mRNA in the cancer samples were all significantly higher than those in the adjacent normal tissue. There were no significant differences between the CCR7, CXCR4 and VEGF-C mRNA expression levels and the age, gender or tumor grading (P\>0.05). However, the expression of the CCR7 and VEGF-C mRNA was significantly correlated with lymph node metastasis and the advanced International Union Against Cancer (UICC) stage (P=0.001 for lymph node metastasis and for staging). However, the correlation between the expression of CXCR4 mRNA and lymph node metastasis or UICC stage was not statistically significant (P\>0.05).

Correlations among the expression of CCR7, CXCR4 and VEGF-C mRNA
----------------------------------------------------------------

Spearman's rank correlation analyses showed that there were correlations among the mRNA expression levels of CCR7, CXCR4 and VEGF-C. There was a significant positive linear correlation between the expression levels of CCR7 and VEGF-C (r=0.915, P\<0.001), but not between CCR7 and CXCR4 or CXCR4 and VEGF-C (P\>0.05).

Expression of CCR7, CXCR4 and VEGF-C protein, and clinicopathological factors
-----------------------------------------------------------------------------

Staining for the CCR7 protein was identified in the cytoplasm and cell membrane of the cancer cells and was not detected in the cytoplasm of the normal pancreatic cells obtained from the non-cancerous regions of the PDAC tissue. Staining for the CXCR4 protein was also identified in the cytoplasm and cell nucleus of the cancer cells, but not in the cell nucleus of the normal pancreatic cells obtained from the non-cancerous regions of the PDAC tissue. The immunohistological localization of VEGF-C was cytoplasmic in the cancer and normal pancreatic cells obtained from the non-cancerous regions of the PDAC tissue. In the cancer specimens with positive expression, the number of immunoreactive cells ranged from a few to almost all of the tumor cells ([Fig. 3](#f3-ol-05-05-1572){ref-type="fig"}).

The expression levels of CCR7, CXCR4 and VEGF-C in the cancer cells were all significantly higher than those in the non-cancerous regions (P\<0.05). Furthermore, the patients with a higher CCR7 and VEGF-C expression in their cancer cells had significantly higher incidences of lymphatic metastasis (P\<0.01). The greater the number of metastatic lymph nodes, the higher the level of CCR7 expression. Patients with a higher CCR7 and/or VEGF-C expression also had a higher UICC stage (P\<0.05). However, the correlation between the expression of the CXCR4 protein and lymph node metastasis or UICC was not statistically significant (P\>0.05). The expression levels of CCR7, CXCR4 and VEGF-C did not correlate with the clinicopathological parameters, including those of age, gender, tumor size and histological grade (P\>0.05).

Correlations among the expression levels of CCR7, CXCR4 and VEGF-C protein
--------------------------------------------------------------------------

Spearman's rank correlation analyses showed that there were correlations among the levels of CCR7, CXCR4 and VEGF-C expression. There were significant positive linear correlations between the expression levels of CCR7 and CXCR4 or VEGF-C (r=0.449, P\<0.001; r=0.770, P\<0.05), but not between CXCR4 and VEGF-C (P\>0.05).

Discussion
==========

PDAC is a type of malignant tumor with marked invasive characteristics and a high incidence of lymph node metastasis. Of the patients with small cell PDAC, 30--40% have lymph node micrometastases which may be observed by immunohistochemistry or other molecular biological methods ([@b25-ol-05-05-1572]). At present, surgery remains the primary treatment for resectable PDAC, although the effect of this surgery is not completely satisfactory. Previous clinical studies have shown that lymph node metastasis is the main cause of tumor recurrence following pancreaticoduodenectomy ([@b1-ol-05-05-1572]). Even patients who have undergone extended regional lymph node dissection may experience lymphatic metastatic recurrence ([@b26-ol-05-05-1572],[@b27-ol-05-05-1572]).

Therefore, adopting a targeted adjuvant therapy to control lymphatic metastatic recurrence following surgery is one of the key approaches to improve the survival rate of patients with PDAC. The identification of post-operative factors associated with lymph node metastasis is likely to be of great clinical significance for the application of targeted adjuvant therapy. Usually, tumor prognosis is predicted from the TNM classification, although this modality lacks sensitivity and accuracy. Thus, identifying molecular biomarkers with the potential to predict the prognosis of PDAC may potentially compensate for the lack of efficacy of conventional methods.

It is well-known that tumor chemotactic migration and lymphangiogenesis are directly correlated with lymph node metastasis. A study by Müller *et al* revealed that tumor cells with CCR7-positive expression preferentially transfer to the lymph nodes that are rich in the ligand CCL21 ([@b28-ol-05-05-1572]). This provided a theoretical basis behind the phenomenon of certain tumor cells preferentially transferring to regional lymph nodes. Nakata *et al*([@b29-ol-05-05-1572]) reported that the high expression of CCR7 was correlated with lymph node metastasis and a poor prognosis in PDAC. However, lymphangiogenesis is a precondition for lymph node metastasis. The current hypothesis is that VEGF-C may be expressed in a variety of solid tumors and that it is able to induce lymphatic endothelial cell mitosis by binding to the receptors VEGFR-3 and VEGFR-2, which are important in lymphangiogenesis. The expression level of VEGF-C is positively correlated with lymph node metastasis. Previous studies have shown that the expression of VEGF-C in PDAC is also closely correlated with lymph node metastasis ([@b30-ol-05-05-1572],[@b31-ol-05-05-1572]). However, it is unknown whether the expression of CCR7 and VEGF-C are correlated with each other and if together they may cause lymph node metastasis in PDAC. Whether CXCR4 is involved in this process also remains unclear.

The present study is the first to detect the expression of CCR7, CXCR4 and VEGF-C in tumor tissues using real-time RT-PCR and immunohistochemistry assays in a large series of human PDAC specimens. It was demonstrated that the expression levels of CCR7, CXCR4 and VEGF-C mRNA and protein were all significantly higher in the cancer specimens compared with those in the adjacent normal tissue. The CCR7 and VEGF-C mRNA and protein expression levels were significantly higher in patients with cancer types exhibiting lymph node metastasis and a more advanced UICC stage. Furthermore, the greater the number of metastatic lymph nodes, the higher the level of CCR7 expression. There was a significant positive linear correlation between the mRNA and protein expression levels of CCR7 and VEGF-C. This indicates that CCR7 and VEGF-C mRNA and protein expression are upregulated in cases with a greater number of metastasis-positive nodes and may contribute to lymph node metastasis occurring in PDAC. The present data are consistent with previous studies that describe a positive correlation between CCR7 expression and lymph node metastasis in cases of breast, colorectal, esophageal and prostate cancer and oral and oropharyngeal squamous cell carcinoma ([@b11-ol-05-05-1572]--[@b15-ol-05-05-1572]). A positive correlation has also been reported between VEGF-C expression and lymph node metastasis in cases of oral squamous cell cancer, squamous cell carcinomas of the head and neck, non-small cell lung carcinoma, cervical cancer and colorectal cancer ([@b18-ol-05-05-1572]--[@b22-ol-05-05-1572]). Although the role of chemokines and their receptors in human cancers is complex, the chemokine receptors CCR7 and VEGF-C may be critical in determining lymph node metastasis in these types of tumors. Wehler *et al*([@b32-ol-05-05-1572]) reported that marked CXCR4 expression was significantly associated with advanced UICC stages and also revealed a correlation with hematogenous metastasis. Studies have shown that CXCR4 is involved in pancreatic cancer progression through the promotion of angiogenesis ([@b33-ol-05-05-1572]). However, the present study showed that the correlation between the expression of CXCR4 and UICC was not statistically significant. In the present study, the samples were divided into two groups (I and IIA or IIB, III and IV) according to the UICC stage, which is different to the grouping method within the literatur. It is possible that patients with stage II PDAC had hematogenous metastasis. Thus, the difference of the result could be interpreted and at the same time it was conferred that CXCR4 did not play a key role in the lymph node metastasis of PDAC.

In accordance with previous studies conducted on other types of cancer, the staining for CCR7 was localized in the membrane and cytoplasm of the tumor cells, while VEGF-C was predominantly cytoplasmic. Staining for CCR7 was observed in the membrane of the normal cells. This may represent the functional status of the receptor since binding to a specific ligand induces receptor internalization. The necessity of internalization for chemotaxis and signaling remains controversial. Endosomes are gaining considerable attention as scaffolds for signaling complexes. The assembly of signaling complexes on intracellular endosomal membranes indicates that the intracellular trafficking itinerary of chemokine receptors may have significant implications for signaling ([@b34-ol-05-05-1572]).

In conclusion, surgery remains the primary treatment for PDAC in China. Although there are still a range of views with regard to whether patients who have undergone complete resection of PDAC should receive adjuvant therapy, due to the high incidence of lymphatic metastatic recurrence after pancreaticoduodenectomy, we recommend that patients at a high risk of lymphatic metastatic recurrence receive targeted adjuvant therapy following surgery. The present study suggested that the positive expression of CCR7 and VEGF-C are closely correlated with lymphatic metastatic recurrence in PDAC. Therefore, these two molecular indicators may become a reference index for the clinical assessment of lymphatic metastatic recurrence and poor outcome in patients who should receive additional treatment, including molecular targeted therapy and follow-up examinations following surgical treatment. The present study has laid the groundwork for research into the molecular mechanism and targeted adjuvant therapy for lymphatic metastases of PDAC. However, the limitations of the present study include the use of a small number of patients and limited research conditions, and consequently, the results do not permit final conclusions to be drawn. We plan to conduct a prospective study of a large number of cases to confirm these results.

![Quantification of immunostaining by digital image analysis. (A) Original field acquired from tissue sections (magnification, ×400). (B) Section marking of (A). The positive staining of the AOI was marked in red. (C) Area of positive staining marked by red lines. (B) Marked tumoral positivity and (C) total area were counted through digital image analysis. The resulting mean density was expressed as an index (IOD/AOI). IOD, integrated optical density; AOI, area of interest.](OL-05-05-1572-g00){#f1-ol-05-05-1572}

![Agarose gel electrophoresis of RT-PCR-amplified 145-bp CCR7, 99-bp CXCR4 and 115-bp VEGF-C cDNA, with 119-bp β-actin cDNA as the internal PCR control. Top gel, objective gene; bottom gel, internal control β-actin gene. Lane 7, size marker; lanes 1 and 2, adenocarcinoma with positive VEGF-C expression; lanes 3 and 4, adenocarcinoma with positive CXCR4 expression; lanes 5 and 6, adenocarcinoma with positive CCR7 expression. VEGF, vascular endothelial growth factor.](OL-05-05-1572-g01){#f2-ol-05-05-1572}

![Intensity of CCR7, CXCR4 and VEGF-C expression in patients with PDAC (magnification, ×400). (A--C) Expression grades of CCR7 in the cytoplasm and cell membrane: (A) Weak expression; (B) intermediate expression; and (C) marked expression. (D--F) Expression grades of CXCR4 in the cytoplasm and cell nucleus: (D) Weak expression; (E) intermediate expression; and (F) marked expression. (G--I) Expression grades of VEGF-C in the cytoplasm: (G) Weak expression; (H) intermediate expression; and (I) marked expression. PDAC, pancreatic ductal adenocarcinoma; VEGF, vascular endothelial growth factor.](OL-05-05-1572-g02){#f3-ol-05-05-1572}

###### 

Baseline characteristics of patients whose samples were used for RNA extraction (n=24).

  Variable                           Value
  ---------------------------------- -------------
  Total, n                           24
  Median age, years (n ± SD)         63.87±11.22
  Age range, years                   42--80
  Gender, n (%)                      
    Male                             16 (67)
    Female                           8 (33)
  Histological grade, n (%)          
    Poorly differentiated            14 (58)
    Well/moderately differentiated   10 (42)
  Tumour stage, n (%)                
    T1--T2                           18 (75)
    T3--T4                           6 (25)
  UICC stage, n (%)                  
    I + IIA                          8 (33)
    IIB + III + IV                   16 (67)
  Lymph node metastasis, n (%)       
    Yes                              16 (67)
    No                               8 (33)

UICC, advanced International Union Against Cancer stage.

###### 

Baseline characteristics of patients whose samples were used for immunohistochemistry (n=65).

  Variable                           Value
  ---------------------------------- ------------
  Total, n                           65
  Median age, years (n ± SD)         63.18±9.23
  Age range, years                   44--81
  Gender, n (%)                      
    Male                             49 (75)
    Female                           16 (25)
  Histological grade, n (%)          
    Poorly differentiated            33 (51)
    Well/moderately differentiated   32 (49)
  Tumour stage, n (%)                
    T1--T2                           60 (92)
    T3--T4                           5 (8)
  UICC stage, n (%)                  
    I + IIA                          39 (60)
    IIB + III + IV                   26 (40)
  Lymph node metastasis, n (%)       
    Yes                              27 (42)
    No                               38 (58)

UICC, advanced International Union Against Cancer stage.
